In the United States, 4 million cases of community-acquired pneumonia (CAP) occur annually, and about one-fourth of the patients who require hospitalization die (9) . Empirical treatment of seriously ill persons with CAP consists of combination antibiotic therapy with a broad-spectrum cephalosporin and a macrolide (3, 10) . In two recent studies of bacteremic Streptococcus pneumoniae CAP among adults, combined antibiotic therapy with a macrolide and a penicillin or cephalosporin resulted in lower case fatality rates than treatment with a broad-spectrum cephalosporin alone (7, 13) .
Several investigators tested different combination antibiotic regimens in vitro for antimicrobial activity against penicillinsusceptible (PSSP) and penicillin-resistant S. pneumoniae (PRSP), but only one group of investigators reported on the interaction of penicillin and a macrolide in time-kill assays, and their results uniformly showed antagonism (2, 4-6; J. Haynes, P. M. Hawkey, and E. W. Williams, Letter, J. Antimicrob. Chemother. 18:426-428, 1986). Since clinical studies showed a beneficial effect of combination antibiotic therapy in the treatment of bacteremic pneumococcal CAP, we investigated the interactions of erythromycin and penicillin and of erythromycin and cefotaxime in vitro to determine whether these combinations exhibit synergy against several invasive PSSP and PRSP isolates.
For our studies, we selected 11 invasive S. pneumoniae isolates based on resistance profiles for penicillin and cefotaxime (MIC determined by E-test) and to erythromycin (disk diffusion) (Table 1) (8) . Isolates were thawed at 37°C in a water bath, plated overnight on blood agar, and diluted according to the individual protocols for checkerboard microdilution and time-kill assays.
The checkerboard method used a 96-well plate. The first four columns of wells served as controls for S. pneumoniae growth and plate sterility. Eight twofold dilutions of antibiotics were made with Todd Hewitt yeast medium in the grid of eight rows by eight columns. One antibiotic was placed in the wells of eight rows in descending concentrations starting at two times the MIC and ending at zero MIC. The other antibiotic was similarly distributed among the eight columns. Thus, each of the 64 wells held a unique combination of concentrations of the two antibiotics. An inoculum of 100 l of S. pneumoniae per well was used at a concentration of about 5 ϫ 10 5 CFU/ml. The plates were incubated overnight, and the MIC was read as the last dilution without any turbidity. A fractional inhibitory concentration index (FICI) was used to interpret the results (D. M. Johnson and R. N. Jones, Letter, J. Antimicrob. Chemother. 42:555-557, 1998).
Time-kill assays were performed by incubating S. pneumoniae isolates with antibiotic concentrations of four times the MIC of penicillin and cefotaxime and one-half times the MIC of erythromycin individually and as combinations of erythromycin and penicillin or cefotaxime (4, 11) . These mixtures were incubated in 50 ml of Todd Hewitt yeast medium in a 125-ml Erlenmeyer flask at 35°C in an incubator-shaker over a 6-h period (5, 6) . The final concentration of each S. pneumoniae isolate at time zero was about 1.4 ϫ 10 6 CFU/ml. Viable plate counts were done after 0, 3, and 6 h of incubation, because S. pneumoniae undergoes autolysis by 12 to 24 h (4, 6). Aliquots of 100 l were removed from the flasks and inoculated onto blood agar plates. After overnight incubation, CFU were counted, and the least acceptable concentration was 30 CFU/ml. Drug carryover effects were not assessed. Synergy was defined as at least a 100-fold decrease in CFU with the antibiotics in combination compared with the lowest CFU with antibiotics used singly. Antagonism was defined as a level of CFU 100-fold higher in the antibiotics used in combination compared to the CFU of the antibiotics used singly (4) .
By checkerboard microdilution, all 11 S. pneumoniae isolates tested representing four resistance profiles against erythromycin and penicillin showed indifference against this antibiotic combination ( Table 1 ). The combined FICIs ranged between 1.5 and 3. Of the seven isolates tested representing three resistance profiles against erythromycin and cefotaxime, six showed indifference and one showed antagonism ( Table 2 ). The combined FICI of the isolate that showed antagonism was 4, and those for the other isolates ranged from 1.25 to 3.
All 11 S. pneumoniae isolates were tested with time-kill assays, and the results of four representative assays each of a different antibiotic resistance profile are shown in Fig. 1. Figure 1a shows a pneumococcus susceptible to all test antibiotics.
As single antibiotics, penicillin and cefotaxime resulted in a 1,000-fold decrease in CFU after 6 h, and erythromycin resulted in a 100-fold decrease in CFU in 6 h, but both the erythromycin-penicillin and erythromycin-cefotaxime combinations did not differ significantly from the least-effective singly used antibiotic. Figure 1b shows an isolate resistant to penicillin but susceptible to erythromycin and cefotaxime. Erythromycin and penicillin alone and in combination showed similar results: a 100-fold decrease in CFU after 6 h. Figure 1c shows an isolate resistant to erythromycin only, and Fig. 1d shows an isolate resistant to erythromycin and penicillin but susceptible to cefotaxime. The time-kill assays for these two isolates showed no significant differences between antibiotics used in combination and those used singly.
Overall, combinations of erythromycin and penicillin or erythromycin and cefotaxime against 11 PSSP and PRSP isolates of different capsular serotypes showed indifference in checkerboard and time-kill assays, except for one isolate susceptible to erythromycin and cefotaxime, which showed antagonism by checkerboard assay, but indifference by time-kill assay. Johansen et al. found only antagonism between erythromycin and penicillin in combination in time-kill assays (6). Synergy was not detected in time-kill or checkerboard assays, although it was problematic in the checkerboard assay.
The worldwide increase in antibiotic-resistant isolates of S. pneumoniae and other bacterial pathogens of CAP has generated increased interest in new recommendations for empirical therapy of seriously ill persons with CAP, including treatment with a macrolide and a broad-spectrum cephalosporin (3, 10, 12) . In invasive pneumococcal pneumonia treated with these two antibiotics, the case fatality rate was significantly lower than with conventional one-drug therapy of penicillin or cephalosporin (7, 13) . However, the results of checkerboard and time-kill assays did not provide in vitro experimental support for these clinical findings. Because erythromycin is highly concentrated in leukocytes in vivo, its concentration at the site of an infection might be higher than the concentration used in our in vitro assays (1) . Even so, pneumococci are not usually 
